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(54) Method of forming crystalline silicon carbide coatings. 



(57) A method of forming crystalline silicon car- 
bide films is disclosed. The method comprises a 
chemical vapor deposition process in which a 
substrate is heated to a temperature above 
600°C. in the presence of trimethylsilane gas. 
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The present invention relates to the growth of 
crystalline silicon carbide films at low temperatures 
using trimethylsilane as the source gas in a chemical 
vapor deposition (CVD) process. 

Crystalline silicon carbide is useful in many high 
temperature, high power and high frequency semi- 
conductor device applications because of properties 
such as a wide bandgap, high saturated electron drift 
velocity, high breakdown electric field, high thermal 
conductivity, and good chemical resistance. How- 
ever, most fabrication processes require the forma- 
tion of single crystal silicon carbide films. Normally, 
these films are grown by CVD at temperatures above 
1000°C. For instance, Learn et al., Appl. Phys. Let., 
Vol. 17, No. 1, July 1970, teach the formation of cubic 
silicon carbide on alpha (6H) and beta (3C) silicon 
carbide substrates by the reactive evaporation or re- 
active sputtering of silicon in acetylene at tempera- 
tures as low as 1100 U C. Similarly, Steckl and Li, IEEE 
Transactions on Electronic Devices, Vol. 39, No. 1, 
Jan. 1992, describe the formation of beta (3C) silicon 
carbide films on carbonized silicon (100) by rapid 
thermal CVD of silane and propane at 1100-1300°C. 

Other investigators have also demonstrated the 
deposition of 3C silicon carbide films from organosi- 
licon precursors. For instance, Takahashi et al., J. 
Electrochem. Soc, Vol 139, No. 12, Dec. 1992, dis- 
close the formation of 3C silicon carbide on Si(100) 
and Si(111) substrates (with and without a carbonized 
layer) by atmospheric pressure CVD using hexame- 
thyldisilane and hydrogen gas mixtures at tempera- 
tures of 1100°C. 

Golecki et al., Appl. Phys. Lett, 60 (14), April 
1 992, reveal the formation of cubic silicon carbide on 
silicon (100) substrates by low pressure CVD using 
methylsiiane at substrate temperatures as low as 
750°C. The process described therein, however, is 
solely limited to the use of methylsiiane as the precur- 
sor gas. 

The use of trimethylsilane to form amorphous or 
polycrystalline silicon carbide films is also known in 
the art. For instance, Kaplan et al. in U.S. Patent No. 
3,843,399 teach the formation of silicon carbide coat- 
ings on video disks using trimethylsilane in a glow dis- 
charge CVD process. Similarly, Japanese Kokai Pa- 
tent Publication 52-14600 forms silicon carbide films 
on a variety of substrates using an alkylsilane in a 
glow discharge chemical vapor deposition process. 
Likewise, Edno et al. in U.S. Patent No. 4,532,1 50 de- 
tails the formation of silicon carbide coatings using an 
organosilicon compound in a plasma enhanced CVD 
process. Neither of these references, however, sug- 
gest the formation of crystalline silicon carbide. 

The present invention describes the deposition of 
crystalline silicon carbide films using trimethylsilane 
in a CVD process. 

The present invention provides a method of form- 
ing a crystalline silicon carbide film on a substrate. 



The method comprises heating the substrate to a 
temperature above 600°C. and exposing the heated 
substrate to trimethylsilane gas to thereby deposit a 
crystalline silicon carbide film. Optionally, a thin sili- 
5 con carbide layer can be grown on the substrate by 
reacting it with a hydrocarbon gas ("carbonization") 
prior to deposition of the crystalline silicon carbide 
film. 

The present invention allows the deposition of 
10 crystalline silicon carbide (SiC) films at temperatures 
as low as 600 and up to 1000°C. using trimethylsilane 
gas. 

Nearly any desired substrate can be used in the 
process of the present invention. Generally, however, 
15 it is preferred to use a substrate comprising either sin- 
gle crystal silicon carbide or a single crystal silicon 
wafer. Such substrates are commercially available. 
The first step in our process is, generally, cleaning the 
desired substrate. This cleaning provides a pristine 
20 crystalline surface to insure epitaxial growth. Obvi- 
ously, however, if such a surface is available the ad- 
ditional cleaning is not necessary. Nearly any method 
which provides the desired clean surface can be used 
and many of these methods are known in the art For 
25 instance, the substrate can be etched by dipping in an 
acid such as HF. Alternatively, the substrate can be 
etched in a corrosive atmosphere such as HCI/H 2 at 
elevated temperatures (1000°C. or above). 

If a silicon substrate is used, a thin buffer layer of 
30 silicon carbide can be grown on the cleaned surface. 
Again, processes for growing these layers are known 
in the art and nearly any which can provide the de- 
sired silicon carbide layer can be used. One example 
of such a process involves exposing the silicon to a 
35 hydrocarbon gas ("carbonization") at elevated tem- 
peratures under atmospheric or low pressure condi- 
tions. Hydrocarbons such as methane, ethane, pro- 
pane, butane, ethylene and acetylene may be used. 
Specific examples of such processes include direct- 
40 ing a stream of gas comprising propane diluted in H 2 
(at a flow rate of 9 seem) and H 2 (at a flow rate of 0.9 
l/min) at the substrate under atmospheric pressure at 
1300°C. to produce a 25 nanometer SiC layer in 1 
minute. Another example of such a process includes 
45 directing a stream of gas comprising propane (at a 
flow rate of 99 seem) and H 2 (at a flow rate of 0.9 l/min) 
at the substrate under 0.67 kPa (5 Torr) at 1300°C. to 
produce a 120 nanometer SiC layer in 1 minute. If a 
silicon carbide substrate is used, it is not necessary 
so to form the above layer. 

The crystalline silicon carbide layers are then 
formed on the substrates by a standard CVD process 
in which the substrate is heated to the desired tem- 
perature in a deposition chamber followed by expos- 
55 ing the substrate to trimethylsilane. Substrate tem- 
peratures above 600°C. are useful herein with tem- 
peratures in the range of 600 to 1200°C. being pre- 
ferred. More preferred are temperatures in the range 
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of 600 to 1000°C. 

The time necessary for the formation of the films 
varies depending on the concentration of trimethyisi- 
lane in the growth chamber and the desired film thick- 
ness. Generally, exposure times of 1-30 minutes are 5 
sufficient. 

The silicon carbide precursor used in the process 
of the present invention is trimethylsilane, (CH 3 ) 3 SiH. 
This gas and methods for its production are known in 
the art For example, trimethylsilane can be produced w 
by introducing methyl groups into trichlorosilane by 
the Grignard process. Alternatively, the trimethylsi- 
lane can be produced by reacting trimethyichlorosi- 
lane with a metal hydride. These and other methods 
are described by Noll in "Chemistry and Technology is 
of Silicones", New York, Academic Press 1968, p. 87 
ff. 

The trimethylsilane gas is generally diluted in the 
deposition chamber with an inert carrier gas. Such 
carriers include hydrogen, argon and helium. Al- 20 
though the dilution is dependent on the rate of expos- 
ure to the substrate, generally dilutions of trimethyl- 
silanexarrier in the range of 1:1 to 1:10000 are used. 

The total pressure of the gases (trimethylsilane + 
carrier) in the deposition chamber can be varied over 25 
a wide range and is generally controlled to a level 
which provides a reasonable rate of epitaxial film 
growth. Generally, pressures in the range of 133.3 
\iPa (10- 6 Torr) to atmospheric pressure are used. 

The amount of chemical vapor introduced into the 30 
deposition chamber should be that which allows for a 
desirable SiC film growth rate. It is preferred, how- 
ever, that the deposition chamber be "starved" such 
that nearly all of the trimethylsilane in the atmos- 
phere is deposited, thereby slowly growing the crys- 35 
talline structure. Growth rates in the range of 1-1000 
nanometers/min may generally be achieved. 

The process of the invention can be conducted 
under static conditions, but it is usually preferred to 
continuously introduce a controlled amount of vapor 40 
into one portion of a chamber while drawing a vacuum 
from another site in the chamber so as to cause flow 
of the vapor to be uniform over the area of the sub- 
strate. 

The deposition chamber used in the process of 45 
the invention can be any which facilitates the growth 
of films by a CVD process. Examples of such cham- 
bers are described by Golecki et al. and Steckl et al., 
supra. 

In addition, it is contemplated that the crystalline so 
silicon carbide epitaxial growth can be assisted by a 
variety of vapor deposition processes. For instance, 
it is contemplated that techniques such as molecular 
beam epitaxy, laser assisted CVD, ion beams and hot 
filaments can be used to decompose the gaseous 55 
species and, thereby, grow the epitaxial layer at lower 
temperatures. 

The resultant films are single phase or polycrys- 



talline SiC. They can be grown in a wide variety of 
thicknesses such as from 0.01 to 5 micrometers. 



Claims 

1. A method of growing an epitaxial silicon carbide 
film on a substrate selected from silicon and sil- 
icon carbide comprising: 

heating the substrate to a temperature in 
the range of 600°C. to 1000°C; and 

exposing the heated substrate to a gas 
comprising trimethylsilane for a time sufficient to 
grow the epitaxial silicon carbide film. 

2. The method of claim 1 wherein a silicon carbide 
buffer layer is grown on the silicon substrate by 
carbonization prior to growing the epitaxial silicon 
carbide film. 

3. The method of claim 1 wherein the substrate is 
silicon and is cleaned prior to growing a silicon 
carbide buffer layer by a method selected from 
dipping the substrate in an acid and exposing the 
substrate to HCI/H 2 at a temperature above 
1000°C. 

4. The method of claim 2 wherein the carbonization 
is performed by exposing the substrate to a gas 
mixture comprising a hydrocarbon and hydrogen 
gas at a temperature above 1000°C. 

5. The method of claim 4 wherein the hydrocarbon 
gas is selected from methane, ethane, propane, 
butane, ethylene and acetylene. 

6. The method of claim 1 wherein the gas also com- 
prises an inert carrier gas in a ratio of trimethyl- 
silane:carrier in the range of 1:1 to 1:10000. 

7. The method of claim 1 wherein the heated silicon 
substrate is exposed to the trimethylsilane gas 
for a time in the range of between 1 and 30 min- 
utes. 

8. The method of claim 1 wherein the heated silicon 
substrate is exposed to the trimethylsilane gas at 
a pressure in the range of between 133.3 u^Pa 
(10* 6 Torr) and atmospheric pressure. 

9. The method of claim 1 wherein growth of the epi- 
taxial silicon carbide film is assisted by a vapor 
deposition technique selected from molecular 
beam epitaxy, ion beams, lasers assisted CVD 
and hot filaments. 

10. The method of claim 1 wherein the gas also com- 
prises (CH 3 ) 3 SiP. 
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